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Summary 
Recognition of major histocompatibility class 1 mole-
cules on target ce Ils by natural killer (NK) cells confers 
selective protection from NK-mediated Iysis. Cross-
linking of the p58 NK receptor, involved in the recogni-
tion of HLA-C alleles, delivers a negative signal that 
prevents target cell Iysis. Molecular cloning of the p58 
NK receptor reported here revealed a new member of 
the immunoglobulin superfamily. Five distinct p58 re-
ceptors, with sequence diversity in the immunoglobu-
lin-related domains, were identified in a single individ-
ual. Ali NK clones tested expressed at least one p58 
member. Three different types of transmembrane and 
cytoplasmic domains exist, even among receptors 
with closely related extracellular domains. These data 
revealed a repertoire of NK cells with clonally distrib-
uted p58 receptors exhibiting diversity in both extra-
cellular and intracellular domains. 
Introduction 
The outcome of major histocompatibility complex (MHC) 
class 1 recognition by cytotoxic T cells and natural killer (NI<) 
cells is dramatically different. Whereas class I-restricted 
CD8+ T cells are triggered to kill target ce Ils that express 
a given class 1 molecule, NK cells receive a negative signal 
that overrides triggering signais (reviewed by Yokoyama, 
1995). The "missing self hypothesis (Ljunggren and Karre, 
1990) originally proposed that NK cells kill target cells un-
less self-class 1 molecules expressed by the target pro-
vided protection. Activatory signais that trigger NK-medi-
ated cytotoxicity can be delivered by cross-lin king various 
receptors, such as CD16 in antibody-dependent cellular 
cytotoxicity, NKRP-1 molecules that bind certain sugars 
(Bezouska et al., 1994), or other unidentified signais pro-
vided by target cells. Whereas this activation step is medi-
ated by relatively nonspecific target cell recognition, the 
negative signais that overcome triggering signais (Cic-
cone et al., 1992b; Correa et al., 1994; Vitale et al., 1995) 
are delivered by receptors that specifically discriminate 
among MHC class 1 molecules expressed on target cells. 
Different kinds of NK receptors are involved in the spe-
cific recognition of class 1 alleles and isotypes (Yokoyama, 
1995). In man, distinct molecules of 58 kDa, referred to 
as the p58 NK receptor, are involved in the recognition 
of HLA-C molecules (Moretta et al., 1990a, 1990b, 1993; 
Vitale et al., 1995). Most NK clones expressing the p58 
receptor that is reactive with monoclonal antibody (MAb) 
GL 183 are specifically prevented from Iysing HLA-Cw3 
target cells (Ciccone et al., 1992b), whereas those ex-
pressing a p58 receptor reactive with MAb EB6 are specific 
for HLA-Cw4 targets (Moretta et al., 1993). These two 
specificities extend to a series of HLA-C alleles related to 
HLA-Cw3 and to HLA-Cw4 molecules, respectively, ac-
cording to shared amino acids at position 77 and 80 of 
the class 1 heavy chain (Colonna et al., 1993). The recogni-
tion of HLA-C molecules mediated by p58 receptors can 
be blocked, thus restoring target ceillysis, with F(abh frag-
ments specific for either the p58 receptor or the HLA-C 
molecule (Moretta et al., 1993; Ciccone et al., 1994). A 
single individual expresses a repertoire of allo-specific NK 
cells (Ciccone et al., 1992a). This repertoire can vary be-
tween individuals, as evidenced by the drastic reduction 
of EB6+ NK ce Ils in individuals that do not express a protec-
tive HLA-C allele (Moretta et al., 1990a). 
Other NK receptors are involved in the recognition of 
HLA-B alleles. NKB1, a 70 kDa glycoprotein, is expressed 
by NK clones that recognize a group of HLA-B alleles car-
rying the Bw4 public epitope (Litwin et al., 1994; Gumperz 
et al., 1995). CD94, a 43 kDa molecule, may also be in-
volved in recognition of HLA-B on target cells (Moretta et 
al., 1994). Specificities of NK clones can be complex, ow-
ing to coexpression of several receptors that confer speci-
ficity for multiple class 1 molecules (Litwin et al., 1993; 
Vitale et al., 1995; Lanier et al., 1995). 
ln an analogous system in mouse, NK cells that express 
the Ly49 molecule, a disulfide-linked homodimer of 44 kDa 
subunits, failed to lyse target cells expressing H-2 Dd mole-
cules (Karlhofer et al., 1992). Molecular cloning of Ly49 
showed that it belongs to a family of related molecules 
containing aC-type lectin domain (Yokoyama and Sea-
man, 1993). No functional counterpart to the Ly49 mole-
cules has been described in man. Binding of Ly49 to Dd 
molecules (Kane, 1994; Daniels et al., 1994a) requires 
the class 1 carbohydrate moiety (Daniels et al., 1994b). 
However, recognition of HLA-B molecules by NKB1+ hu-
man NK cells is independent of the carbohydrate (Gump-
erz et al., 1995), suggesting that not ail NK receptors for 
class 1 may be related to C-type lectins. 
The molecular cloning of the human p58 NK receptor 
was undertaken to evaluate the diversity of this receptor 
family, its relationship to other NK receptors, and its mode 
of target cell recognition. As reported here, the p58 recep-
Immunity 
440 
tor is completely unrelated to the C-type lectin family, and 
represents a subfamily of the immunoglobulin superfamily 
with a new pattern of diversity. . 
Results 
The p58 NK Receptor Is a New Member 
of the Immunoglobulin Superfamily 
Human cell lines were screened to identify a uniform 
source of p58 NK receptor expressing cells. The ceilline 
NK3.3 (Kornbluth et al., 1982) expressed p58 molecules 
reactive with MAb GL 183, but not EB6, as judged by cy-
tofluorimetry (data not shown) and immunoprecipitation 
(Figure 1, inset). This allowed the purification of sufficient 
material for N-terminal and tryptic peptide sequence deter-
mination (Figure 1). Based on the amino acid sequence 
information, degenerate oligonucleotides were designed 
for use in polymerase chain reaction (PCR) amplification. 
Out of several combinations of PCR primers, successful 
amplification was obtained with a forward primer deduced 
from the N-terminal amino acid sequence of the purified 
intact protein and a backward primer deduced from tryptic 
peptide 20. These primers amplified a 400 bp product from 
NK3.3 cDNA, but not from T or B cell cDNA (data not 
shown). This PCR product was cloned and used to isolate 
a full-Iength cDNA from a NK3.3 library. The first AUG 
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Figure 1. Purilication and Amino Acid Sequencing 01 the p58 Re-
ceptor 
Reverse-phase H PLC separation 01 a tryptic digest 01 the p58 receptor 
purilied Irom the cell line NK3.3. 
(Inset) Immunoprecipitate with GL 183 or a control MAb Irom detergent 
Iysate 01 surface 1251-labeled NK3.3 cells analyzed by SOS-PAGE and 
autoradiography. Molecular weight markers are indicated on the left. 
ln the HPLC chromatogram the absorbance at 210 nm is on the y axis. 
Peptides Irom the numbered peaks had the sequences: ITRPSQRPK 
(4); NAWMOQEPAGNR (8); NAWMOQEPAGNR (13); SSYOMYHLS-
REG(E)A(A)R (17); SSYOMYHLSR (20); FQHFLLHR (26); KPSLLAHP-
GPLVK (28); TPPTOIIVYTELPNAE(S) (49) (single-Ietter code, residues 
in parenthesis are probable). 
codon in this clone (clone 6) opens a reading frame of 
1023 bp encoding a protein of 341 aa (Figure 2a). The 
amino acid sequence deduced from clone 6 contained ail 
the sequences obtained by direct protein sequencing. 
A Kyte-Doolittle hydrophobicity plot indicated that clone 
6 encodes a type 1 transmembrane protein (Figure 2b) with 
an extracellular domain of 224 aa, a 20 aa hydrophobic 
transmembrane region, and a cytoplasmic tail of 76 aa 
(Figure 2c). The first 21 aa with characteristics of a signal 
sequence precede the sequence corresponding to that 
obtained by Edman degradation of the purified protein. 
There are four potential sites for N-linked glycosylation in 
the extracellular domain. 
Two pairs of cysteine residues in the extracellular por-
tion are flanked by consensus sequences for immunoglob-
ulin-like domains of the C-2 type (Williams and Barclay, 
1988). Database searches indicated that the p58 se-
quence was related to other members of the immunoglob-
ulin superfamily, the closest relatives being the Fc receptor 
for immunoglobulin A (lgA) and the mouse gp49 protein, 
with 31 % and 33% sequence identity in the extracellular 
portion, respectively. Alignments of individual p58 immu-
noglobulin domains revealed closer identity to the second 
immunoglobulin domain of the Fc receptor for IgA, with 
42% and 40% identity for the first and second domains 
of p58 (data not shown). The first immunoglobulin domain 
of p58 contains several histidine residues. Notably, the 
N terminus begins with the sequence HEGVH, which cor-
responds to part of a motif commonly found in zinc-
dependent metallopeptidases (Jongeneel et al., 1989), 
suggesting that p58 may be a metal-binding protein. 
Expression of p58 
To test whether a p58 molecule can be expressed at the 
surface of non-NK cells, the human T cell line Jurkat was 
transfected with the clone 6 cDNA inserted into an expres-
sion vector. Cloned transfectants were screened for anti-
p58 reactivity by flow cytometry using the MAbs GL 183 
and EB6 (Figure 3). Multiple independent transfectants 
expressed the G L 183 epitope at their surface. Staining of 
these transfectants with MAb EB6 was at background 
javel. Transient transfection of clone 6 in sim ian COS cells 
also leads to cell surface GL 183 reactivity (data not 
shown). GL 183 MAb immunoprecipitated from surface ra-
dioiodinated Jurkat transfectants a species that comi-
grated on SDS-PAGE with the p58 molecule from NK3.3 
(data not shown). Thus, clone 6 encodes a p58 molecule 
containing the GL 183 epitope and non-NK cells can sup-
port surface expression of a p58 NK receptor. 
Expression of p58 mRNA was detected only in tissues 
containing lymphocytes, as detected by hybridization us-
ing a p58 cD NA probe (Figure 4a). Although RNA was 
detected primarily in peripheral blood lymphocytes and 
spleen, longer exposures revealed p58 mRNA in sm ail 
intestine and lung. The p58 probe hybridized to two tran-
scripts of 1.6 and 1.8 kb in the multiple tissue blot, whereas 
only the 1.6 kb transcript was detected in NK3.3 mRNA 
(Figure 4b). Human Band T ceillines did not express p58 
mRNA, exceptfor a weak mRNA band of a larger size in the 
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Figure 3. Translection 01 clone 6 cDNA in Jurkat T Cells Leads to 
Surface Expression 01 the GL 183 Epitope 
Untranslected Jurkat (closed area) and a cloned translectant (open 
area) were stained with GL 183 MAb and analyzed by flow cytometry. 
The anti-p58 MAb EB6 staining on these cells was at background levaI. 
Several independent cloned translectants gave essentially identical 
results . 
T ceilline (Figure 4b). Thus, expression of p58 receptors is 
essentially NK specifie. 
A Repertoire of p58 Receptors Expressed 
in a Single Indivldual 
The ceilline N K3.3 may express only a single p58 member 
(clone 6) because six independent cDNA clones had iden-
tical sequences. To evaluate the diversity of p58 receptors 
expressed in NK ce Ils of a single individual, a cDNA library 
made from freshly isolated resting NK cells was screened 
with a clone 6 cDNA probe. Fourteen positive cDNA clones 
could be divided into five groups according to their 5'-
terminal nucleotide sequences. One of these groups rep-
resented sequences identical to the clone 6 cDNA (two 
clones). This screen also identified four additional mem-
bers of the p58 family represented by clone 39 (four 
clones), clone 42 (one clone), clone 43 (three clones) and 
clone 49 (four clones). Screening of a cDNA library made 
from interleukin-2 (IL-2)-activated NK ceUs, derived from 
an unrelated donor, identified a sixth member, clone 
47.11, as weil as another clone identical to clone 6 (clone 
6.11). The complete identity in nucleotide sequence of 
full-Iength cDNAs isolated from NK3.3 (clone 6) and from 
Figure 2. The p58 NK Receptor Belongs to the limmunoglobulin Su-
perfamily 
(A) Amino acid sequence 01 a p58 receptor deduced Irom cDNA clone 
6. The signal sequence and transmembrane region are underlined. 
Sites lor potential N-linked glycosylation are indicated by asterisks. 
(B) Kyte-Doolittle plot. 
(C) Schematic diagram 01 the p58 receptor. Noncoding sequence is 
depicted as a thin line and the long open reading Irame as a box with 
the numbers 01 am ino acids indicated. The hydrophobie leader peptide 
and the transmembrane region are shaded and hatched. respectively. 
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two unrelated donors (clone 3 and clone 6.11) demon-
strated that the genes encoding the p58 receptor family 
exhibit limited, if any, allelic polymorphism. Alignment of 
the deduced am ino acid sequences for the six p58-related 
molecules revealed diversity scattered along both immu-
noglobulin-like domains (Figure 5). Therefore, p58 is a new 
family of structurally diverse molecules. 
These cDNA clones were tested for reactivity with the 
GL 183 and EB6 MAbs by transient transfection in cells 
infected with the recombinantvaccinia virus expressing T7 
RNA polymerase (Vac-T7) (Elroy-Stein and Moss, 1989). 
Each of the p58 cD NA clones was transfected into Vac-T7-
infected human B cells and analyzed by flow cytometry. 
Q) 
u 
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Figure 4. Tissue Specilicity 01 p58 Expression 
Northern blots containing Poly(A+) lrom vari-
ous human tissues (A) or lrom the NK3.3 cell 
line (NI<), a T cell line, or a B cell line (B), as 
indicated, were hybridized to a p58 cD NA 
probe. Et Br staining 01 the RNA gel indicated 
that ail lanes contained similar amounts 01 
RNA. 
The transfection of three clones (clone 6, clone 43, and 
clone 49) led to bright surface expression of molecules 
that reacted with GL 183 (Figure 6). Note that, due to the 
highly efficient expression mediated by the Vac-T7 sys-
tem, many cells exceeded the detection limit of the cytoflu-
orimeter (Figure 6). These three transfectants also stained 
weakly with EB6. However, the reactivity with EB6 was at 
least two orders of magnitude below the GL 183 staining, 
which would not be sufficient for detection on the Jurkat 
cells stably transfected with clone 6 (see Figure 3). The 
three GL 183-reactive mole cules have only three to five 
amino acid differences in the extracellular domain (see 
Figure 5). The extracellular domains of clone 42 and clone 
Immunoglobulin-Related Receptors on NK Cells 
443 
~ 
Consensus MSLMWSMACVGFFLLQGAWPHEGVHRKPSLL!\HPGPLVKSEETVILQCWSDVRFEIlFLU!REGKFKDlUILIGEIIIID3VSKANFSIGPMMQDUlGTYRCYGSIrl'HSPYQLSAPSDP 117 
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Figure 5. Structural Diversity Among Members 01 the p58 Family 
Alignment 01 the deduced amino acid sequences 01 clone 6 and live other p58 cDNA clones. Amino acid identity is indicated by dashes, a gap 
introduced lor optimal alignment by dots. The point 01 signal sequence cleavage is indicated by a vertical arrow; cysteine residues predicted to 
lorm immunoglobulin domains are indicated by asterisks. 
6 differ by 15 aa. Cells transfected with clone 42 reacted 
strongly with EB6 but not with GL 183 (Figure 6). Further-
more, both clone 42 and clone 47.11 led to detectable 
expression of EB6-reactive molecules on transiently trans-
fected COS cells (data not shown). A 385 bp fragment ampli-
fied by PCR from a GL 183-EB6+ NK clone was identical 
to the sequence of clone 47.11 (data not shown). As the 
cI-39 cI-42 cI-43 
L 
ID 
..0 
E 
::J 
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ID 
u 
cD NA sequences of 47.11 and clone 42 were obtained 
from two individuals, allelic polymorphism cannot be ex-
cluded as a basis for the two amino acid differences. Fi-
nally, clone 39 differed by 23 aa from clone 6 in the extra-
cellular domain, and did not produce surface molecules 
detectable by GL 183 or EB6 (Figure 6). It is therefore a 
candidate for a p58 expressed in those NK clones with 
cI-49 cI-6 
control 
Ab 
EB6 
GL183 
Log fluorescence 
Figure 6. Reactivity 01 p58 Members with anti-p58 MAbs 
A human B ceilline inlected with Vac-Tl was translected with each 01 the p58 cDNA shown in Figure 5, as indicated above the histograms. Alter 
5 hr incubation, cells were collected, washed, and each translectant was split in three lor staining with a control MAb (top), or the anti-p58 MAbs 
EB6 (middle) or GL 183 (bottom), lollowed by Iluorescein isothiocyanate goat anti-mouse IgG. Fluorescence intensity is displayed on a 4-decade 
log scale. Cells too bright to lit on this scale (clone 6 and clone 43 translectants) accumulated at the right end 01 the histograms. Virtually identical 
results were obtained in a separate experiment. 
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GL 183-EB6- phenotype. In fact, a 385 bp sequence ampli-
fied by PCR from cDNA of a GL 183-EB6- NK clone was 
identical to the sequence of clone 39 (data not shown), 
establishing that su ch a sequence can be expressed in 
double-negative clones. 
Dual Diversity in the p58 NK Receptors 
Sequence similarities in the extracellular domains and an-
tibody reactivities correlated closely and defined three 
main groups of p58 molecules, reactive with MAb GL 183, 
MAb EB6, or neither. Whereas p58 sequences within 
groups differ by only two to five amino acids in the extracel-
lular region, p58 sequences between groups differ by 
about 20 aa scattered along both immunoglobulin-related 
domains. In addition, three types of transmembrane/cyto-
plasmic domains exist among members of the p58 family. 
Surprisingly, each of the three types can be found on a 
molecule reactive with GL 183. The length of the cyto-
plasmic tails can be 84 aa (clone 43), 76 aa (clone 6), or 
39 aa (clone 49). Each type of cytoplasmic tail is linked 
to a specific transmembrane region (see Figure 5). For 
instance, the shorter cytoplasmic tail is linked to a trans-
membrane domain that includes a lysine residue, sug-
gesting, by analogy with the T cell receptor (TCR) complex, 
association with other transmembrane proteins. 
The longer cytoplasmic tails include a motif related to 
the antigen recognition activation motif (ARAM) found in 
antigen receptors of B, T, and mast cells (Weiss and Litt-
man, 1994). Instead of the consensus sequence D/ExsDI 
ExxYxxLxs-s YxxL found in the CD3 chains of the TCR, the 
p58 cytoplasmic tails have a longer spacing between the 
two YxxL motifs (D/ExsD/ExxYxxLx26YxxL). The shorter 
type of cytoplasmic tail, found in clone 49 and clone 39, 
is truncated in the middle of the first YxxL motif, owing to 
an in-frame stop codon, suggesting that receptors with 
this tail may have different signalling capabilities. Thus, 
a dual diversity exists in the p58 receptors: molecules with 
similar extracellular domains can be linked to different 
types of transmembrane/cytoplasmic tails. Sequencing of 
ail 14 cDNA clones for p58 receptors in the regions corre-
sponding to the first immunoglobulin domain and the trans-
membrane/cytoplasmic domains did not reveal additional 
combinations of sequences, besides the five sequences 
in Figure 5. Thus, so far, there is no evidence for reassort-
ment of extra- and intracellular sequences among p58 re-
ceptors. 
SCID mice and RAG-deficient mice, lacking the recom-
bination mechanism used to generate diversity in Band 
T cell receptors, still exhibit NK cell responses (Dorshkind 
et al., 1985; Shinkai et al., 1992). In contrast with immuno-
globulin or TCR molecules, the diversity observed in the 
p58 NK receptors is scattered over both immunoglobulin-
related domains, suggesting indeed that it is generated 
by a different mechanism. Analysis of genomic DNA from 
a B cell line, a T cell line, and a NK clone revealed no 
major difference in the fragments hybridizing with a p58 
probe (Figure 7). The multiple bands observed on this blot 
may represent distinct genes, each encoding a p58 mem-
ber, although other mechanisms for generating diversity 
cannot be ruled out. Analysis of a panel of h uman/hamster 
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Figure 7. Hybridization 01 Genomic DNA Irom NK, T, or B cells with 
a p58 cDNA Probe 
Hybridization 01 Pstl-digested DNA Irom the human B cell li ne C1 R, 
the T ceilline Jurkat, and a human NK clone with the lull-Iength clone 
6 insert. 
somatic cell hybrids unambigously located the p58 genes 
on chromosome 19 (Figure 8). 
The p58 Receptors Are Clonally Distributed 
Clonai distribution of antigen-specific receptors is a hall-
mark of the adaptive immune system. To test for the ex-
pression of the different p58 members isolated from a 
single individu al, single-stranded conformation polymor-
phism (SSCP) analysis (Orita et al., 1989) was carried out 
in a panel of NK clones. A single pair of PCR primers was 
designed to hybridize to regions shared by the five p58 
cDNA clones. The primers are positioned 190 bp apart in 
the first immunoglobulin-related domain. As demonstrated 
by amplification of plasmid DNA, the five p58 sequences 
produced unique SSCP patterns (Figure 9). Control exper-
iments demonstrated that mixtures of plasmids did not 
generate new SSCP patterns, and that each plasmid could 
be identified by SSCP from a mixture of any two plasmids 
(Figure 9). Thus, SSCP can be used to determine which 
p58 mRNA(s) are present in a particular NK clone. How-
ever, diversity detected by SSCP provides a minimal esti-
mate, because other as yet unidentified p58 members 
could conceivably either produce the same pattern or may 
fail to amplify with the PCR primers used here. Consistent 
with cDNA sequencing results, the cell line NK3.3 ex-
pressed only the p58 member corresponding to clone 6 
(Figure 10). Clonai distribution of the five p58 members 
among the 21 NK clones was evident. Ali NK clones ex-
pressed at least one p58 and individual NK clones often 
expressed two different p58 members. Some p58 mem-
bers were more frequently expressed (e.g., clone 39) than 
Immunoglobulin-Related Receptors on NK Cells 
445 
1 2 3 .. 5 6 7 8 9 10 11 12 13 14 1516 17 18 19 20 21 22 X Y p58 
Huma" 
32. 
423 
734 
750 
"'" 
860 
867 
940 
212 
507 
683 
756 
8" 
983 
862 
909 
937 
8 .. 
904 
967 
... 
1006 
104. 
1079 
1099 
Hamster 
• 
• • • 0 
~ • 
• Oq 
• • • 
• D • • 
• • 
• • o. • 
• 
• o. 
• 
• 1 • 
- • • 0 
1 • 1 1 
1 • 
-
• 1 1 •• 
1 1 1 • 
- -
• 
• 1 
:~. 
• • _. 
• 
• • 
• 
• 
• • • • 
• 
• 
-
1 
Figure 8. The Gene Encoding p58 Is on Chromosome 19 
-
..!. 
-
f-
f-
r!-
f-
r!-
r!-
f-
f-
f-
r!-
r!-
f-
f-
f-
f-
-
-:; 
-
-
-
..!. 
-
Genomic DNA derived Ircim each 0125 hamster/human somatic cell 
hybrids, or pure human or hamster DNA, as indicated on the left, was 
analyzed by PCR using a pair 01 p58-specilic primers. Presence 01 a 
PCR product 01 the expected size is indicated bya plus in the column 
on the right. Oark shading indicates that >75% 01 the cells contain the 
human chromosomes listed at the top, whereas light shading indicates 
that <75% 01 the cells contain the indicated human chromosomes. 0 
indicates a deletion at 5p15.1-5p15.2. Dq indicates multiple deletions 
in 5q. 
others in this panel of clones. A distinctly new pattern was 
observed in two NK clones (Figure 10, clones 12 and 15). 
Sequencing of a PCR product from NK clone 15 (data 
not shown) revealed a sequence identical to cDNA clone 
47.11, suggesting that the new SSCP pattern might repre-
sent expression of the 47.11 p58 sequence. 
Discussion 
Molecular clones for multiple members of the p58 NK re-
ceptor have been isolated, sequenced, and expressed. 
These p58 molecules are involved in specific recognition 
of HLA-C aile les on target cells and deliver a negative 
signal to the NK cell, resulting in protection from NK-
mediated Iysis. Remarkably, this family of p58 NK recep-
tors are molecules with two immunoglobulin-related extra-
cellular domains, a domain organization similar to some Fc 
receptors. Therefore, the p58 NK receptors are completely 
distinct from the type Il transmembrane proteins with 
C-type lectin domains that control target cell recognition 
by murine NK cells (Yokoyama, 1995). In mouse, Ly49 is 
a family of C-type lectin proteins that can deliver a negative 
signal to NK cells following carbohydrate-dependent rec-
ognition of class 1 molecules (Karlhofer et al., 1992; Dan-
iels et al., 1994b). Why is it that two unrelated receptor 
families serve similar functions in NK cells? 
As human Ly49 and mouse p58 counterparts have not 
been identified yet, it cannot be excluded that mice and 
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Figure 9. Individual p58 cDNA Sequences Generate Unique SSCP 
Patterns 
Nondenaturing polyacrylamide gel analysis 01 amplilication products 
Irom reactions containing individual cloned p58 cDNAs, or mixtures 
thereol at the indicated ratios. 
men employ different receptor systems to achieve the 
same class I-mediated protection of target cells. However, 
it is unlikely that these mammalian species would have 
diverged to such an extent in their mechanism of target 
cell recognition by NK cells. We favor the alternative hy-
pothesis that parallel systems have been developed to 
ensure that NK cells will be turned off. To avoid Iysis of 
autologous normal cells, it is essential to guarantee that 
every NK cell possesses at least one receptor specific 
for a self-class 1 molecule. In addition, the use of several 
receptors that recognize class 1 molecules in different 
ways may increase the repertoire of specificities in NK 
responses. While some NK cells may be sensitive to 
changes in class 1 conformation, possibly influenced by 
peptide occupancy, other NK cells may be preferentially 
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sensitive to changes in carbohydrate structure. Indeed, 
whereas recognition of H-2 Dd by Ly49+ NK cells was pep-
tide dependent, but not peptide specifie (Correa and 
Raulet, 1995), that of HLA-B27 by human NK clones was 
not only peptide dependent but also peptide specifie (Mal-
nati et al., 1995). Although the primary structure of the 
NK receptor for HLA-B is still unknown, it is possible that 
peptide-specifie recognition of HLA-B27 by NK clones re-
flects the use of an immunoglobulin-related receptor, as 
opposed to aC-type lectin receptor. The p58 NK receptor 
gene(s) maps to chromosome 19. Thus, this receptor fam-
ily is also genetically distinct from C-type lectin molecules 
expressed in NK cells, whose genes are clustered to the 
NK gene complex on mouse chromosome 6 (Yokoyama 
and Seaman, 1993) and on human chromosome 12 (Yabe 
et al., 1993; Lopez-Cabrera et al., 1993; Lanier et al., 
1994). 
This study revealed the existence of multiple p58 NK 
receptors, including those expected to recognize HLA-C 
alleles (Vitale et al., 1995), and another that may recog-
nize a different ligand. This most divergent member of the 
p58 family corresponds to a sequence expressed in a 
GL 183-EB6- double-negative NK clone. Amino acid differ-
ences between p58 receptors are scattered overthe entire 
length of the molecules, in contrast with the situation in 
Band T cell antigen receptors, where most of the diversity 
lies in hypervariable regions. Consistentwith this, no major 
rearrangement in the p58 genes was observed by compar-
ing DNA of B, T, or NK cells. Another obvious fundamental 
difference is that the repertoire of p58 NK receptor se-
quences is limited compared with the immense diversity 
in TCR sequences. Based on these differences, and the 
fact that p58 is more closely related to Fe receptors, there 
are probably important differences in the interaction 
of MHC class 1 molecules with TCR and with p58 NK re-
ceptors. 
The most intriguing aspect of the diversity in p58 recep-
tor sequences is that very similar molecules can be ex-
pressed with different cytoplasmic tails. One type of mole-
cules has cytoplasmic tails of 76 or 84 aa, containing a 
sequence related to the antigen-recognition activation mo-
tif (ARAM) found in CD3 chains of the TCR. The other type 
of p58 molecules has cytoplasmic tails of 39 aa without 
an ARAM motif. These shorter tails are linked to a trans-
membrane region containing a lysine residue, which sug-
gests they may transduce signais through associated mol-
ecules. Association of the TCRÇ chain with p58 molecules 
has been reported (Bottino et al., 1994). The finding of 
p58 receptors with very similar extracellular domains but 
completely different cytoplasmic tails suggests that NK 
cells with similar target cell specificity may respond differ-
ently upon receptor engagement. 
Expression of individual p58 members was clonally dis-
tributed in NK cells, as expected for molecules that provide 
specificity in target cell recognition. Many NK clones ex-
pressed two p58 members and ail clones expressed at 
least one p58 member. Coexpression of p58 receptors 
with distinct specificities may explain some of the complex-
ity seen in studies of NK allorecognition (Vitale et al., 
1995). The combination of multiple extracellular p58 re-
ceptor sequences, several of which can react with MAb 
GL 183, and the multiple cytoplasmic domains expressed 
on serologically related molecules, and the coexpression 
of distinct receptor types in individual NK clones, pre-
cludes simple correlations between target cell specificities 
and expression of specifie epitopes. To understand how 
these different molecules contribute to the repertoire of 
NK specificities, how target cell recognition is achieved, 
and how negative signais are transmitted to NK clones, 
it will be necessary to develop functional systems that can 
be manipulated. The tools are now available. 
Experimentai Procedures 
Cells 
The human NK ceilline NK3.3 (a gift Irom J. Kornbluth) was maintained 
as previously described (Kornbluth et al., 1982). Cells were seeded 
at 2.5 x 1 O'/ml and after 4 days they were collected by centrilugation, 
washed with phosphate-buflered saline, and the cell pellets Irozen at 
-70·C. Human T ceillines and Epstein-Barr virus (EBV)-translormed 
B cell lines were maintained in standard conditions. Resting human 
CD3-, CD56+ NK cells 01 a single donor were isolated Irom 5.8 x 
10· peripheral blood lymphocytes (obtained by leukophoresis at the 
National Institutes 01 Health Blood Bank) using the MACS and the NK 
isolation kit (Miltinyi Biotec). The purity 01 the resulting population was 
evaluated by Ilow cytometry after staining with anti-CD3 and anti-CD56 
MAbs (Becton Dickinson). Human NK clones were generated and 
maintained as described (Malnati et al., 1993). 
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Antibodies 
The MAbs,GL 183 and EB6 have been described (Moretta et al" 1990a, 
1990b), L243 is an anti-HLA DR MAb (American Type Culture Club). 
For use in allinity purification, MAbs purified from ascites were coupled 
at 2 mg/ml to CNB'-activated Sepharose CL-2B (Pharmacia). 
Proteln Purification 
Cell surface iOdinations, immunoprecipitations, and SDS-PAGE were 
by standard methods. For p58 receptor purification, frozen pellets of 
NK3.3 cells were Iysed for 1 hr on ice at 4 x 10'/ml in Iysis buller 
consisting of 2% Triton X-1 00 in Tris-saline (10 mM Tris-HCI [pH 7.5], 
7.5], 150 mM NaCI) containing 5 mM iodoacetamide, 0.5 mM PMSF, 
and 0.1 mM TLCK. Nuclei were removed by centrifugation for 1 hr at 
10,000 rpm at 4°C. Lysate from 2-4 x 10· cells was diluted 2-fold in 
Tris-saline and passed over four serially connected columns con-
taining the following beads: mock-conjugated Sepharose CL-2B (Phar-
macia), mouse IgG-agarose (Sigma), L243-Sepharose CL-2B, and 
finally, GL 183-Sepharose CL-2B. The columns were disconnected 
and the GL 183 column was washed overnight with 0.1 % Triton X-100 
in Tris-saline, then with several column volumes of 0.1 % polyoxyethy-
lene 9 lauryl ether (C12E9, Sigma), 10 mM Tris-HCL (pH 9.0), 500 
mM NaCI followed by a final wash with 0.1% C12E9 in Tris-saline. 
Bound proteins were eluted with 0.1% C12E9, 0.1 M Tris-HCL (pH 
11.2), 5% glycerol, 0.02% NaN,. Fractions were immediately neutral-
ized by addition of dilute acetic acid. Fractions containing p58 were 
identified by Coomassie blue staining of SDS-PAGE gels containing 
aliquots of each fraction. This revealed the presence of contaminating 
proteins migrating above and below p58. The purity of the material 
migrating at about 58 kDa was confirmed by reverse-phase high pres-
sure liquid chromatography (HPLC) analysis. Fractions containing p58 
were pooled, precipitated with 7 vol of ethanol and directly resus-
pended in sample buller (50 mM Tris-HCI [pH 6.8], 10% glycerol, 1 % 
SDS). After boiling for 3 min, this material was run in a preparative 
9% polyacrylamide minigel (Moos, 1991) and the proteins were electro-
phoretically transferred to a PVDF membrane (ProBlott, Applied Bio-
systems, Incorporated), which was stained with Coomassie blue. The 
band at about 58 kDa was excised and subjected to automated Edman 
degradation (Laboratory of Molecular Structure, National Institute of 
AIIergy and Infectious Diseases), yielding the N-terminal amino acid 
sequence HEGVHRKPSLLAHPGPLVKSEET(V) (single-Ietter code, 
residue in parenthesis is probable). Tryptic peptides were obtained 
from protein purified as described above, except that material resulting 
from several allinity purifications, representing 4 x 10" cells, was 
finally applied to a preparative gel. Approximately 65 pmol of gel-
purified p58 receptor immobilized on PVDF membrane was digested 
with trypsin and separated on a C18 reverse-phase HPLC column 
(Harvard Microchemistry Facility). Aliquots of material from prominent 
peaks were analyzed by matrix-assisted laser desorption mass spec-
trometry, and fractions containing a single peptide were subjected to 
Edman degradation (Harvard Microchemistry Facility). 
Isolation of a p58 cON A Fragment 
Total RNA extracted from 2 x 10' NK3.3, Jurkat T cells, or the B cell 
line C1R by the guanidine-acid-phenol method (Chomczynski and 
Sacchi, 1987) was reverse transcribed in a 20 ~I reaction containing 
50 mM Tris-HCI (pH 8.3),75 mM KCI, 3 mM MgCl" 10 mM DTT, 1 
~M oligo dT -Notl primer (5'-[T]15GCGGCCGC[T]15"3~, 0.5 mM each 
dNTP, 20 U RNasin (promega), and 200 U superscript M-MLV reverse 
transcriptase (Life Technologies). Reactions were inC,ubated at 37°C 
for 45 min followed by 45°C for 30 min and the volume adjusted to 
50 ~I with DEPC-treated H,O. Of this first-strand cDNA, 5 ~I was used 
in 100 ~I PCR with 2.5 U Taq polymerase (Perkin Elmer-Cetus), 50 
mM KCI, 10 mM Tris-HCI (pH 8.3), 2 mM MgCl" 200 ~M each dNTP, 
and 1 ~M each forward and backward PCR primer. After 45 cycles of 
PCR in a Perkin Elmer 9600 thermo cycler (94°C, 55°C, 72°C for 15 s 
at each temperature, except 94°C for 30 s in the first round), followed 
by a 5 min incubation at 72°C, one-tenth of the product was analyzed 
on an agarose gel. Oligonucleotide primers having exact matches 
with each of the possible reverse translated peptide sequences over 
a stretch of 5-8 bases at the 3' end were synthesized, introducing 
mixed positions, inosines, or both only in the middle and 5' regions 
of the primers. PCR containing NK3.3 cDNA and a forward primer 
(5'-CA[CfT]GA[AlG]GGIGTICA[CIT]AG[AlG]AAACC-3~ based on part 
of the N-terminal amino acid sequence and a backward primer 
(5'-IC[GIT][AlG]CTIA[AlG][AlG]TG [AlG]T ACA T[AlG]TCATA-3~ based 
on tryptic peptide 20 resulted in a 400 bp product. For unknown rea-
sons, PCR products generated with inosine-containing primers could 
not be cloned into bacterial plasmids. The inosine-containing PCR 
product was reamplified with primers in which each inosine was re-
placed by equimolar mixtures of ail four bases. The reamplification 
product was treated with T4 DNA polymerase (New England Biolabs) 
and cloned into Bluescript Il KS(+) (Stratagene). The insert was se-
quenced in both orientations using Sequenase (United States Bio-
chemicals). 
Isolation of Full-Length cONA Clones 
A NK3.3 direction al cDNA library was constructed from poly(Aj+ RNA 
using the pSPORT 1 plasmid cDNA library kit of Life Technologies. 
A library of 5.5 x 10' clones was amplified and size-selected after 
linearization with Notl. The PCR product described above was excised 
from the plasmid, gel purified, and reamplified by PCR to yield a probe 
devoid of vector sequences. This PCR product was gel purified, ran-
dom-prime labeled with ["P]dCTP, and used to screen the size-
fractionated religated cDNA library by standard procedures. Final 
washes of the filters were at 68°C in 0.1 x SSC. Several clones were 
obtained and partial sequencing of their 5' end indicated that some 
were full length. Two of these cDNA clones were sequenced corn-
pletely in both orientations and four additional cDNA clones were par-
tially sequenced, using Sequenase (USB). Ali six were identical. One 
of them is called clone 6. A second directional plasmid cDNA library 
was constructed as described above, but using poly(Aj+ RNA derived 
from 2 x 10' freshly isolated resting NK cells of a single donor. This 
library (7.4 x 10' clones) was amplified, size-selected, and screened 
with a "P-Iabeled probe corresponding to the coding region of the 
clone 6 cDNA. The filters were washed with 2 x SSC at 68°C. Clones 
(14) were isolated and parti ail y sequenced from the 5' end. On the 
basis of this sequence information they were sorted into five groups 
of identical sequences, one of these containing sequences identical 
to the clone 6 cDNA. One member of each of the other four groups, 
namely clone 39, clone 42, clone 43, and clone 49, was sequenced 
completely on both strands. Clone 47.11 was isolated from a cD NA 
library made from IL-2-activated NK cells from another donor (Biassoni 
et al., 1993). 
Sequence Analysis 
Homology searches of the GenBank and Swissprot databases were 
done with the program FASTA, and optimal alignments with the pro-
gram GAP, both from the Genetics Computer Group software package 
(University of Wisconsin). Sequence feature analysis, including the 
prediction of the signal sequence cleavage site, and multiple sequence 
alignments was done with the GeneWorks program (lntelligenetics). 
Transfections 
The clone 6 cDNA was inserted into the eukaryotic expression vector 
RSV.5(gpt) (Long et al., 1991) and transfected into Jurkat T cells by 
electroporation at 960 ~F and 250 V. Stable transfected clones were 
selected by culture in medium containing mycophenolic acid and xan-
thine (10 ~g/ml each). Resistant cells were screened for surface ex-
pression of p58 by staining with the GL 183 or EB6 MAbs followed by 
fluorescein isothiocyanate-conjugated goat anti-mouse IgG (Jackson 
Immunoresearch) and flow cy10metric analysis. The Vaccinia-T7 sys-
tem (Elroy-Stein and Moss, 1989) was used for transient expression 
of cDNA clones. Human B-EBV.45 cells (Kavathas et al., 1980) at 
1 x 10'/ml in OptiMEM (Life Technologies) were infected with 10 pfu/ 
cell of Vac-T7 for 10 min on ice followed by rotation for 30 min at 
37°C. After removing the infection media, 4 x 10· infected cells were 
transfected with 5 ~g of plasmid DNA using lipofectin (Life Technolo-
gies) in 2 ml OptiMEM and incubated on a rotator at 37°C for 2 hr. 
The cells were transferred to a T25 flask, 8 ml of complete media was 
added, and they were incubated at 37°C for 3 hr. After washing with 
RPMI1640 plus 2% fetal calf serum, each transfectant was divided 
into three aliquots and stained with either the EB6, GL 183, or an iso-
type-matched control MAb. Flow cytometry was on a Becton Dickinson 
FACscan with L YSIS Il software. 
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Hybridizations 
A filler containing RNA from various human tissues (Clontech) was 
probed with the 32P-labeled full-Iength clone 6 cON A. The final wash 
was in 2 x SSC, 0.1 % SOS at 65°C. Poly(A)+ RNA (5 ~g"ane) from 
NK3.3, the human T cell line CEM, and a human B-EBV line was 
electrophoresed in a 0.8% agarose/formaldehyde gel, transferred to 
Genescreen Plus using a pressure blotter (Stratagene), and probed 
with the 32P-labeled p58 PCR fragment described above. The final 
wash was with 0.2 x SSC, 0.1 % SOS at 68°C. 
For the Southern blot, genomic DNA isolated from NK3.3, the T cell 
line Jurkat, and the B cell line C1 R was digested with PsU and 20 
~g was separated in a 0.8% agarose gel, pressure blotted onto a 
Genescreen Plus filler, and hybridized to the full-Iength "P-Iabeled 
clone 6 cDNA. The final wash was with 2 x SSC, 0,1% SOS at 68°C. 
Chromosomal Localization of the p58 Gene 
Genomic DNA from a panel of human/hamster somatic cell hybrids 
(Bios) was amplified in a 20 ~I PCR containing standard components 
(as described above) with the forward primer- 5'-CGTGACCTIGTCCT-
GCAGC-3' and the backward primer 5'-CCGAAGCATCTGTAGGT-
TCC-3'. Reactions were incubated at 94°C for 5 min followed by 45 
cycles with 15 s incubations at 94°C, 60°C, and 72°C. Alter a 5 min 
incubation at 72°C, 10 ~I was analyzed on an agarose gel, which was 
stained with EtBr. The representation of the data on Figure 8 was 
adapted from Robinson et al. (1993). 
SSCP 
Total RNAwas extracted from human NK clones and first strand cDNA 
synthesized as described above. Either 3 ~I cDNA or 250 pg plasmid 
DNA or mixtures of different plasmids was PCR amplified as described 
above, except that the final volume was 20 ~I and each reaction con-
tained 0.1 ~I ["P]dCTP (3000 Ci/mmol). The sequences of the forward 
and backward primers were 5'-CCTGGCCACATGAGGGAGTC-3' and 
5'-TIGGAGACCCCATCATGGTG-3'. Plasmids or cDNA were ampli-
fied for 30 or 45 cycles, respectively, of PCR with 10 s incubations at 
94°C (15s in first round), 62°C, and 72°C, followed by a5 min incuba-
tion at 72°C. For analysis, 5 ~I PCR product (in case of plasmid amplifi-
cations, alter 10 x dilution with 0.1 % SOS, 10 mM EDTA) was mixed 
with 5 ~lloading buffer consisting of 95% formamide, 20 mM EDTA, 
and 0.05% each of bromophenol blue and xylene cyanol. Samples 
were boiled for 2 min and 5 ~I was loaded on a 6% nondenaturing 
polyacrylamide gel containing 10% glycerol. Electrophoresis was at 
30 W until the bromophenol blue reached the bottom of the gel. The 
gel was dried and autoradiographed at -70°C with an intensifying 
screen. 
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